shown that the saliva of dog and cat contains no ptyalin, but only traces of the blood and lymph diastases that apparently get into the saliva along with other constituents of the body fluids. I. In the fall of 1go8 the diastatic power of the parotid saliva of three individuals (A. J. C., C. B., A. L. C.) , designated for convenience A, B, and C, was compared daily for a period of ten days. The saliva of A was uniformly slightly stronger than that of C and considerably stronger than that of B. . At the end of the ten-day period B and C were put on an exclusively vegetarian diet for ten days, that is, meat was excluded and carbohydrates greatly increased, while A continued on the ordinary mixed diet. The diastatic power of the parotid saliva was tested daily in the three individuals, and a#. no time was there an increase in ptyalin in the saliva of B and C as checked against A. The salivas in these experiments were collected by the insertion of a glass cannula into *the opening of Stenson's duct and a weak acetic acid in the mouth was used as a stimulus. The acid used throughout the experiment was of the same strength, and the time of collection of saliva in the three individuals was the same with reference to time of day and length of time after meals. 2. It occurred to us that if no difference in ptyalin concentration can be produced by diet alterations over a period of ten days, possibly prolonged vegetarianism might reveal such differences. Consequently the diastatic power of the parotid saliva of a man who for four years had been a consistent vegetarian was checked for seven days against that of A and C. It showed uniformly less concentration than that of A and practically the same as that of C. The subject 'was middle-aged and in good physical condition. 3 . The parotid and mixed saliva of a boy of fourteen who might be termed a " congenital vegetarian," having practically never eaten meat, was checked against the corresponding salivas of A and C. The parents of this boy report that from early childhood the boy had refused meat or meat products in food, and that his food consists mainly of vegeta&s, cereals, bread and milk. These tests were continued daily for six days. The diastatic power of the boy's saliva was uniformly less than A and about the same as C. The boy was in every respect normal and in good physical condition.
Thus, contrary to Nielson's results; there is no evidence that the ptyalin concentration in the parotid or the mixed saliva is appreciably. Carnivora. -It has previously been shown that dog and cat saliva contains no ptyalin, and that the slight diastatic power of the saliva of these animals is due to the admixture of blood and lymph diastases. To this list of camivora can now be added the fox. We collected pure parotid saliva in five foxes. This can easily be done in the fox by insertion of a cannula in the opening of Stenson's duct, or by holding a suitable spoon below the opening of the duct and stimulating the nerve endings in the mouth with weak acetic acid or sand. The results of the test on the fox are the same as in the case of the dog and the cat. The fox parotid exhibits a weak diastatic action, but very * much weaker than the blood or the iymph of the same animal.
man.
It is well knowa that the parotid saliva of the rabbit is relatively rich in ptyalin, and our comparative measurements show that the concentration is the same or slightly greater than in the human parotid saliva.
In I@ one of the authors, working together with Dr. Woelfel, had occasion to test the diastatic power of the pure parotid saliva in a goat; he was surprised to find that it exhibited particular goat, however, was in poor on boiled st *arch. That the time the saliva w practically no solvent action pas collected. We have now tested the condition saliva of at five other goats of different ages and all in good physical condition, and obtained similar negative results. In one of the goats a temporary fistula had been established in one of Stenson's ducts and the saliva collected while the animal was normally eating; in the other four animals the mixed saliva from the mouth was used for the tests. When I C.C. of the goat saliva, parotid or mixed, is added to 25 C.C. of starch (I per cent) and the mixture placed in a thermostat at 38O, there is no appreciable clearing of the starch solution in twenty-four hours.
In connection with other work one of the authors together with Drs. Becht and Greer had occasion to collect pure parotid saliva from two horses, secreted after pilocarpin injection. The diastatic power of these salivas was tested, incidentally, with negative results. These horses were, however, old and not in good physical condition, and it occurred to us that the absence of ptyalin might be due to the poor condition of the animal, to age, or to the secretion of the ferment in an inactive form, the activation taking place in the mouth.
For that reason we collected the mixed saliva from the mouth of twelve horses, all of which were in the best physical condition, but the tests of the saliva from this group of horses also were negative. One cubic centimetre of the saliva added to 25 C.C. of boiled starch (I per cent) and kept at 38O C. exerted practically no solvent action in twenty-four hours.
It would therefore seem that ptyalin is absent in the saliva of many and probably all of the camivora. And in the herbivora it may either be absent or present. The absence of the ptyalin in the camivora and its presence in the rodents and primates may suggest adaptation to the diet, but the absence of ptyalin in some of the herbivora nullifies such a conclusion.
Moreover, the ptyalin concentration of the saliva in monkeys is not greater than that in man, while the diet of monkeys is certainly more strictly vegetarian, on the whole than that of man.
The significance of the presence or absence of ptyalin in the saliva in the different groups of mammals presents some interesting biological problems. The fact that ptyalin acts very slowly on raw starch would seem to make the ferment of little digestive value in all mammalian groups with the exception of man, yet it is present in the monkeys and the rodents. It is conceivable that in the ruminants the ptyalin may be secreted in an inactive form and activated in the stomach, but we have not had the chance to test this possibility.
In horses and goats there is certainly no activation in the mouth. And in non-ruminating Relation of Ptydin Concentration to the Diet. 173 herbivora activation of ptyalin in the stomach would have no physiological significance because of the rapid destruction of the ptyalin by the hydrochloric acid. We do not wish to be understood as holding that the ptyalin-producing processes are accidental or have been evolved without any relation to the nature of the food; we must have data from all the mammalian groups before we can determine whether the absence of ptyalin signifies atrophy or incipient evolution.
II . THE RELATION OF THE PTYALIN CONCENTRATION
RATE OF THE SECRETION OF SALIVA.
TO TEE
The saliva is the only digestive juice whose secretion can be studied under absolutely physiological conditions.
Little or no work has been done in man on the ptyalin concentration in the saliva secreted under different conditions of appetite, emotional states, or in response to different stimuli in the mouth, because of the difficulty of securing the . saliva free from admixture with the substances used for stimulation, and because the ordinary laboratory animal, the dog, as we have seen, has no ptyalin in the saliva. The rabbit's parotid secretes ptyalin, but the rabbit is a small animal, the salivary glands are correspondingly small, and it is difficult to get enough parotid saliva for physiological tests without *fatiguing the gland.
It is relatively easy to collect pure parotid saliva in man by the insertion of a cannula into Stenson's duct. But this cannula must be held in place by an attendant, the subject's head must be held relatively rigid, and only very limited masticatory movements can be executed without displacing the cannula. Moreover, in the case of problems involving accurate determination of secretory rate, this method is rather unsatisfactory because a cannula of the size that will easily slip into the duct will usually permit some saliva to escape between the edges of the duct and the cannula itself. It is perfectly obvious that this method does not permit the collection of a pure parotid saliva during the mastication of an ordinary meal. We attempted to devise a cannula that would be suitable for the human parotid. An illustration of this canda as constructed by us is given in Fig. I municates with the exterior by means of a metal tube; surrounding this inner cup and fixed to it is an outer larger one communicating with the exterior by means of another metal tube. The cannula is held in place by a vacuum produced in the outer Cup by means of suction, the cannula being pressed flat against the sides of the cheek. The side of the cannula facing the mouth is rounded off and the thickness of it so graded as to interfere as little as possible with the movement of the jaws in mastication. Such a cannula can be applied over the duct and held in place by s&ion as indicated, @KT JIB ner cup. But in our experience this apparatus did not prove very satisfactory because masticator-y movements wiU sooner or later dislodge it; and in no case did we succeed in keeping the cannula fixed in place throughout the whole period of mastication of an ordinary meal. In most of our work, therefore, we had to fall back on the old method of collecting the parotid saliva by inserting a cannula directly' into the duct opening. In monkeys the permanent salivary fistula, as used by Pawlow in the dog, is applicable.
I. In man weak acetic acid in the mouth-appears uniformly a more efficient stimulus to secretion by the parotid than mechanical stimuli, such as dry sand, crackers, flour, or cottorP This has been tested in many individuals and in some a great number of -times with the same results. Within limits the stronger the acid the greater the rate of secretion. This difference between efficiency of mechanical and acid stimuli is probably only one of intensity of stimulus. It is obvious that a chemical like acetic acid will get in contact with a greater number of Relation of Pdyalin Concentration to the Diet. nerve endings than a substance like dry sand or *flour when applied to the same area.
We have made a number of determinations of the relation of concentration of the human parotid saliva to the rate of the secretion of the saliva, and find that it is the same as in the lower mammals, namely, within limits the concentration of the saliva increases with the rate of the secretion. 2. It has been shown by Carlson and Ryan' that the ptyalin in the parotid saliva of the rabbit varies directly with that of the organic solids, at least in the case of gland anazmia and on stimulation of the cervical sympathetic.
The behavior of the ptyalin concentration in the relation to the secretory rate was not determined, but in view of these findings we would expect the ptyalin concentration to increase with the secretory rate in the same way as the organic solids increase with the secretory rate in the rested gland. We endeavored to answer the question by direct experiments on man, rabbits, and goats (before we found out that the goat saliva contained no ptyalin).
In man, in the case of individuals who respond readily with varying secretion rates to stimuli of varying strengths, the saliva that is secreted the fastest exhibits the gredest digestive powet. We used different strengths of acids alternately, or sand and acids alternately.
The slowly secreted saliva obtained on placing sand in the mouth contains less ptyalin than that secured on stimulation by weak acetic acid. The acetic acid stimulus may be graded in strengths I, 2, 3, and applied to the mouth consecutively, beginning either with the weakest or the strongest, and the parotid saliva obtained will exhibit corresponding differences in ptyalin concentration.
But it is difficult always to obtain rates of secretion varying directly with the strength of acids used as stimulus. And the direct relation between the ptyalin concentration and the secretion rate is not a close one. A great difference in secretion rate is required in order to demonstrate the difference in diastatic power, but this is also true of the organic solids. Typical experiments illustrating this relation are given in Table I .
Despite the number of attempts we have so far been unable to demonstrate this relation between ptyalin concentration and secretion rate in the case of the rabbit's parotid saliva, probably because of the rapid Relation of Ptyalin Concentration to the Diet. 177 fatigue of the gland under experimental conditions. It is well known that the direct relation between secretion rate and organic solids is demonstrable only in the rested gland. Large monkeys provided with a permanent parotid fistula are necessary to establish the point beyond possible doubt, because in such animals the secretion rate can be controlled more accurately than in man.
While the experiments of Carlson and Ryan together with our results on man indicate quite strongly that the ptyalin in the saliva vties with the secretion rate in the same way as the rest of the organic solids, there is nothing in the literature on the other digestive glands, particularly the stomach and the pancreas, supporting these results. As a matter of fact, the work on the stomach and the pancreas seems to indicate that the ferment concentration of these glands varies quite independently of the secretion rate. These results on the salivary glands do not therefore permit any generalization.
Possibly the apparent uselessness of ptyalin in the digestive processes is to be correlated with this difference between the laws governing the secretion of ptyalin and those governing the secretion of pepsin and the pancreatic ferments, the ptyalin concentration being governed by the same factors that determine the concentration of the other organic solids. 3 . Qualitatively different stimuli in the mouth, such as acid, salt,' sweet, bitter, mechanical, agreeable, disagreeable, yield no constant difference in the ptyalin concentration of the parotid saliva, unless they yield a constant and marked difference in the rate of secretion, as is the case, for example, with sand and acids. In man it is practically impossible, however, to secure uniform secretion rates in the case of the qualitatively different stimuli. Our results are therefore not conclusive on this point. But it is obvious that any investigation of the relation of ptyalin concentration or of the concentration of other substances in the saliva to different stimuli in the mouth or to different physiological states of the reflex centres must recognize the secretion rate factor.
